INTRODUCTION
. Index map showing the 7.5-minute quadrangles that form the Hidden Hills and vicinity and adjacent mapped areas, northern Mohave County, northwestern Arizona.
MAPPING METHODS
This map was produced using 1976 infrared 1:24,000-scale aerial photographs followed by extensive field checking. Map contacts between members of the Permian Kaibab and Toroweap Formations in the Hidden Hills area of the Shivwits Plateau are approximately located in some areas because of extensive forest cover and poor exposure. Many of the Quaternary alluvial deposits have similar lithology but different geomorphic characteristics and were mapped almost entirely by photogeologic methods. Stratigraphic position and the amount of erosional degradation were used to determine relative ages of alluvial deposits having similar lithologies such as young and old alluvial fan deposits. Each map unit and structure was investigated in the field to insure accuracy of description.
GEOLOGIC SETTING The map area lies within the Shivwits and Sanup Plateaus, which are subplateaus within the Colorado Plateaus physiographic province (herein referred to as the Colorado Plateau; Billingsley and others, 1997) . The Grand Wash Fault, about 3 km (2 mi) west of the northwest corner of the map area, Maximum vertical separation of strata across the Grand Wash Fault is estimated at about 3,000 m (10,000 ft) down to the west (Lucchitta, 1979) . The boundary between the higher Shivwits and lower Sanup Plateau is marked along the top of the Grand Wash Cliffs. The Sanup Plateau, also known on some maps as the Grand Gulch Bench, lies between the upper and lower Grand Wash Cliffs. The Shivwits and Sanup Plateaus are characterized by nearly flat lying Paleozoic sedimentary strata that have an average regional dip of about 2° northeast. There are no major geologic structures within the map area, but small normal faults and grabens are present. Tertiary volcanic rocks and Quaternary surficial deposits are widely distributed in the map area. The volcanic rocks are alkali-olivine basalt flows with a few associated pyroclastic deposits on top of the flows. The volcanic rocks overlie Paleozoic and Mesozoic strata at Poverty Mountain (east-central edge of the map area) and an area west of Agway Valley, southeast quarter of the map area. Alkali-olivine basalt dikes are present in Pigeon Canyon and are assumed to be Tertiary in age because they align with similar north-south-trending, 9-Ma-old dikes about 11 km (7 mi) south of the map area (Wenrich and others, 1995; Wenrich and others, 1997) .
Surficial deposits include terrace-gravel, alluvial fan, talus slope, and landslide debris masses throughout the map area. Artificial man-made stock tanks are also mapped. Map contacts between most of the Quaternary deposits are intertonguing and (or) gradational, both laterally and vertically. The subdivision of Quaternary surficial units is intentionally detailed because these units strongly influence the planning of road construction, range management, flood control, soil erosion, and other environmental or biological resource studies of this region. All surficial deposits in the map area are assumed to be Quaternary in age because they are related to similar deposits east and north of the map area where they contain clasts derived from Quaternary basalts (Billingsley, 1994 (Billingsley, , 1997 Billingsley and others, 2000; Billingsley and others, 2001; and Billingsley and others, unpub. data) .
PALEOZOIC AND MESOZOIC SEDIMENTARY ROCKS There are about 18 m (60 ft) of Pennsylvanian strata exposed in Pigeon Canyon and about 777 m (2,550 ft) of Permian strata and about 365 m (1,200 ft) of Triassic strata exposed in the map area. The Triassic strata are mostly covered by Tertiary basalt flows and Quaternary landslide debris. The Paleozoic and Mesozoic strata include, in order of decreasing age, part of the Supai Group, which includes the upper part, undivided (Upper Pennsylvanian), the Pakoon Limestone (Permian), and the Esplanade Sandstone (Permian); the Hermit Formation (Permia n); the Toroweap Formation (Permian), which includes the Seligman, Brady Canyon, and Woods Ranch Members; the Kaibab Formation (Permian), which includes the Fossil Mountain and Harrisburg Members; and the Moenkopi Formation (Triassic), which includes the Timpoweap, lower red, Virgin Limestone, middle red, and Shnabkaib Members. Small fragments of petrified wood and quartz pebbles similar to the Shinarump Member of the Chinle Formation (Triassic) are present in small amounts in the southeastern quarter of the map area as a lag gravel (QTa), but strata of the Chinle Formation was not found. The Coconino Sandstone is too thin and discontinuous to be mapped as a separate unit and is included as part of the Seligman Member of the Toroweap Formation. Measured sections by Fisher (1961) and Schleh (1966) and mapping by Billingsley and others (2000) demonstrate that the Coconino Sandstone intertongues within the lower part of the Seligman Member of the Toroweap Formation in Parashant Canyon just west of the map area.
The Permian rocks are well exposed along the Grand Wash Cliffs (west quarter of the map area) but are poorly exposed in the Hidden Hills area due to forest cover. Gray limestone and reddish-gray sandstone of the Pakoon Limestone and red to white sandstone of the Esplanade Sandstone form the Grand Gulch Bench (Sanup Plateau on smaller maps) at the west edge of the map area. Gray to reddishbrown interbedded siltstone, sandstone, limestone, and gypsum of the Harrisburg Member of the Kaibab Formation and cherty limestone and sandy limestone of the Fossil Mountain Member of the Kaibab Formation form the bedrock surface of the Shivwits Plateau where it is not covered by Mesozoic strata, volcanic rocks, or alluvial deposits. The contact between the Harrisburg and Fossil Mountain Members of the Kaibab Formation is approximate in the Hidden Hills area due to talus deposits that cover the contact and is based on exposed thickness along the Grand Wash Cliffs and in Hidden Canyon.
The Mesozoic rocks are composed mainly of red and white siltstone and sandstone of the Moenkopi Formation that are mostly covered by Tertiary basalt flows and landslide debris in the Poverty Mountain and Agway Valley areas. Early Tertiary and Quaternary erosion removed an unknown thickness of the upper part of the Triassic rocks and all subsequent younger strata above the Moenkopi Formation that were present in the map area before deposition of the Tertiary basalts. Details of the Paleozoic and Mesozoic rock strata are given in the Description of Map Units.
VOLCANIC ROCKS The Tertiary basalt flows at Poverty Mountain and west of Agway Valley are generally associated with fissure eruptions along northwest-trending fractures or joints in the bedrock. In the dying stages of the eruptions, gaseous vents formed a few small pyroclastic cone deposits on the basalt flows. The Tertiary basalts generally flowed west and northwest down low-gradient drainages over a low-relief bedrock landscape of Moenkopi and Kaibab strata. The regional dip of strata is about 1º to 2° eastnortheast. The retreat of the Mesozoic strata by erosion towards the northeast produced northwestsoutheast-striking drainages on the Shivwits Plateau west of Agway Valley that basalts flowed down. There are no basalt flows associated with dikes in the Pigeon Canyon area because the resultant basalt flows have been eroded away.
An interval of erosion after deposition of the Tertiary basalts removed most of the Moenkopi Formation and some of the upper Kaibab Formation that were not covered by a protective caprock of basalt. The soft strata of the Moenkopi Formation is readily subject to erosion around the edge of the Tertiary basalt flows allowing for steep, unstable hillside failures to form as landslide blocks. Headward erosion by sapping along joints and fractures in the basalt flows is the major mass-wasting erosional process carving into the Tertiary basalts of the map area. Several additional Tertiary dike sources for the Poverty Mountain Basalt and the basalt of the Shivwits Plateau are suspected to be present in the map area but are either covered by basalt flows or landslide debris.
The basalt of the Shivwits Plateau The basalt of the Shivwits Plateau is informally named the Shivwits Plateau basalt by Best and others (1980) and Reynolds and others (1986) . The basalt of the Shivwits Plateau includes a widespread mass of several basaltic flows and associated pyroclastic vents on the Shivwits Plateau west of Agway Valley. Several volcanic mountains south of the map area such as Mount Dellenbaugh, Blue Mountain, and Yellow John Mountain comprise the majority of the basalt of the Shivwits Plateau (Best and others, 1980; Lucchitta and McKee, 1974; Reynolds and others, 1986; others, 1981, 1982) .
The basalt flows that cap Grassy and Poverty Mountains were included in the basalt of the Shivwits Plateau (Shivwits Plateau basalt) nomenclature by Reynolds and others (1986) probably because of their approximate association to Tertiary volcanic mountains on the Shivwits Plateau. But Billingsley and others (2000) have formally named the Grassy Mountain Basalt and Poverty Mountain Basalt as individual map units separate from the basalt of the Shivwits Plateau because these basaltic rocks are not physically connected to the Shivwits basalt masses and are identified as separate mappable units of a similar age.
There are five K/Ar ages from alkali olivine basalts reported from the basalt of the Shivwits Plateau south of the map area: 6.78±0.30 and 7.64±0.30 Ma near Mount Dellenbaugh (Lucchitta and McKee, 1974) ; 6.78±0.15 Ma at Mount Dellenbaugh, informally named the Dellenbaugh basalt by Reynolds and others (1986) ; 7.06±0.49 Ma at Mount Dellenbaugh (Reynolds and others, 1986) ; and 8.2±0.1 Ma at Price Point (southeast of Mount Dellenbaugh), informally named the Price Point basalt (Wenrich and others, 1995) . These K/Ar dates probably represent the youngest flows of the area except at Price Point where the flow was sampled by the author from the bottom and oldest of several flows.
The Tertiary flows west of Agway Valley are connected to basalt flows at Yellow John Mountain southeast of the map area, but most of the basalt flows along the west rim of Agway Valley came from local dike fissures that are aligned N. 30° W. as are those at Yellow John Mountain (Huntoon and others, 1981) , indicating a similar eruptive event for flows in this part of the Shivwits Plateau. Most of the basalt of the Shivwits Plateau flowed west and northwest down a wide ancestral Hidden Canyon paleovalley near Wildcat Ranch that now forms an inverted ridge east of the present valley drainage.
The basalt flows on the Shivwits Plateau provide a unique geomorphic view of the Tertiary landscape of this part of the Colorado Plateau, but further studies and accurate age determinations of the basalts are needed. The average age of the basalt of the Shivwits Plateau in the map area is estimated to be about 6 Ma based on K/Ar ages of samples taken farther south.
Poverty Mountain Basalt The basaltic rocks at Poverty Mountain were formally named the Poverty Mountain Basalt for Poverty Mountain, the type area, northern Mohave County, Arizona (Billingsley and others, 2000) . The Poverty Mountain Basalt is comprised of one or more alkali olivine basalt flows and associated pyroclastic deposits. The sources for most of the basalt flows are dikes and pyroclastic vents at the east end of Poverty Mountain, east-central edge of the map area. A sample of the Poverty Mountain Basalt collected by Best and others (1980) The southern extension of Hobble Graben, a late Miocene structure, extends into the northwest quarter of the map area (Billingsley, 1994) . Hobble Graben appears to have partly controlled the headward erosion of some tributaries of Hidden Canyon, but the general trend of the Hidden Canyon drainage appears to have been initiated as a strike valley along retreating Mesozoic strata before Hobble Graben formed. Other minor structures include the Pigeon Fault, a normal near-vertical fault at the head of Pigeon Canyon and a graben and horst structure in the Agway Valley area.
Locally warped and bent strata too localized to show at map scale are the result of Pleistocene and Holocene dissolution of gypsum in the Harrisburg Member of the Kaibab Formation, mostly in the east half of the map area. These bent strata are commonly associated with the dissolution of gypsum along drainages or joints in the Kaibab Formation on the Shivwits Plateau.
Gypsum dissolution in the Harrisburg Member of the Kaibab Formation has resulted in several small sinkholes and caves on the Shivwits Plateau. The karst depressions are Holocene and Pleistocene in age because of their young appearance, and they are similar to other sinkholes mapped east and north of this map area (Billingsley, 1994; Billingsley and others, 2000; Billingsley and others, 2001; Billingsley and others, unpub. data) . Locations of sinkholes that form enclosed basins or depressions are indicated on the map by a triangle symbol.
Breccia pipe structures Circular collapse structures, minor folds, and other surface irregularities are due to dissolution of gypsum and gypsiferous siltstone in the Kaibab or Toroweap Formations. Some bowl-shaped depressions in the Kaibab Formation, characterized by inward-dipping strata, may be the surface expression of a breccia pipe originating from dissolution of the deeply buried Mississippian Redwall Limestone (Wenrich and Huntoon, 1989; Wenrich and Sutphin, 1989) . Such features usually have inward dipping strata and are marked on the map by a dot and the letter C. One breccia pipe in particular that forms a resistant, calcium-rich, circular collared-rim typical of a breccia pipe reinforced with calcite cementation is well defined about 3 km (2 mi) north of Agway Valley in the Harrisburg Member of the Kaibab Formation. The extra calcite cement has enhanced erosional resistance and preserved the inward dipping strata. Intrusive dikes in Pigeon Canyon (Miocene)-Dark-gray, dark-greenish-gray, finely crystalline, alkali-olivine basalt. Contains phenocrysts of augite and olivine less than 1 mm in diameter. Weathers to crumbly decomposed basalt. Near vertical dikes are mostly covered by alluvium. Dikes orientated in north-south alignment similar to Garrett dikes about 11 km (7 mi) south of map area. K/Ar age of Garrett dikes, 9.20±0.13 and 9.07±0.8 Ma others, 1995, 1997) . Average dike width, about 0.5 m (2 ft) SEDIMENTARY ROCKS Moenkopi Formation (Lower Triassic)-Includes, in descending order, the Shnabkaib Member, middle red member, Virgin Limestone Member, lower red member, and Timpoweap Member as used by Stewart and others (1972 Canyon, and Seligman Members as defined by Sorauf and Billingsley (1991) . Divided into: Ptw Woods Ranch Member (Lower Permian)-Yellow-gray to reddish-gray, slope-forming gypsiferous siltstone and pale -red silty sandstone interbedded with white laminated gypsum. Seligman Member (Lower Permian)-Gray to yellowish-red and purple, thin-bedded, slopeforming dolomite and gypsiferous sandstone. Includes gray to red, thinly-interbedded siltstone, sandstone, and gypsum. Lower part of unit includes brown, purple, and yellow, fine-to medium-grained, thin-bedded, low-to high-angle crossbedded and flat-bedded Coconino Sandstone. Coconino Sandstone is not mapped because it is too thin to show at map scale. The Coconino Sandstone intertongues with the basal part of the Seligman Member of the Toroweap Formation (Fisher, 1961; Schleh, 1966; Rawson and Turner, 1974; Billingsley 1997; Billingsley and others, 2000) . Unit mostly covered by talus and alluvial fan deposits; thickens northward. Thickness, 6 to 24 m (20 to 80 ft) Ph Hermit Formation (Lower Permian)-Light-red, yellowish-white, fine-grained, thin-to medium bedded, slope and ledge-forming sandstone and siltstone. Sandstone beds as much as 3 m (10 ft) thick separated by dark-red, slope-forming, thin-bedded siltstone and yellowish-gray silty sandstone beds as much as 2 m (7 ft) thick. Reddish-brown sandstone beds commonly contain yellowish-white bleached spots; some thin sandstone is partly or completely bleached yellowish-white near contact with overlying Toroweap Formation due to groundwater alteration and bleaching. Unconformable contact with underlying Esplanade Sandstone; erosional relief averages about 1 to 2 m (3 to 6 ft). Unit mostly covered by alluvial fan (Qa1, Qa2, Qa3, Qa4, and Qa5), and talus (Qt) deposits along upper Grand Wash cliffs, west edge of map area. Thickness, 244 to 260 m (800 to 860 ft) Supai Group (Lower Permian and Upper Pennsylvanian)-Includes, in descending order, the Esplanade Sandstone (Pe) and the Wescogame Formation. The Wescogame Formation is included as the lower Supai Group, undivided on this map (*s) as defined by McKee (1982) . The rest of the lower Supai Group is not exposed. The Pakoon Limestone (Permian) intertongues within the lower half of the Esplanade Sandstone but is not considered as part of INTRODUCTION This report includes, in addition to cartographic and text products, geospatial (GIS) databases and other digital files. The database files are particularly useful because they can be combined with any other type of geospatial data for purposes of display and analysis. The other files include digital files that support the databases and digital plot files that can be used to display and print the cartographic and text products in this publication.
ACKNOWLEDGMENTS
The digital map database, compiled from previously published and unpublished data and new mapping by the author, represents the general distribution of bedrock and surficial deposits in the mapped area. The database delineates map units that are identified by age and lithology following the stratigraphic nomenclature of the U.S. Geological Survey. The scale of the source maps limits the spatial resolution (scale) of the database to 1:31,680 or smaller. The content and character of the database, as well as two methods of obtaining the database are described below.
FOR THOSE WHO DON'T USE DIGITAL GEOLOGIC MAP DATABASES Two sets of plot files containing images of much of the information in the database are available to those who do not use an ARC/INFO compatible Geographic Information System. Each set contains an image of the geologic map sheet and explanation and the database description. There is a set available in PostScript format and another in Acrobat PDF format (see sections below). Those who have computer capability can access the plot file packages in either of the two ways described below (see the section "Obtaining the Digital Data"); however, these packages do require gzip or WinZip utilities to access the plot files.
Those without computer capability can obtain plots of the map files through U.S. Geological Survey Information Services. Be sure to request Map MF-2387.
U.S. Geological Survey Information Services Box 25286
Denver, CO 80225
1-888-ASK-USGS e-mail:ask@usgs.gov
DATABASE CONTENTS
The database consists of three digital packages. The first is the PostScript Plotfile Package, which consists of PostScript plot files of the geologic map and map explanation. The second is the PDF Plotfile Package, and contains the same plot files as the first package, as well as the database description, but in Portable Document Format (PDF). The third is the Digital Database Package that contains the geologic map database itself and the supporting data.
Postscript Plotfile Package
This package contains the PostScript image described below:
hhmap.eps A PostScript plotfile containing the complete map composition with geology, correlation chart, and geologic description at a scale of 1:31,680
The PostScript image of the geologic map and map explanation is 56 inches high by 36 inches wide, so it requires a large plotter to produce paper copies at the intended scale. The PostScript plotfile of the geologic map was initially produced by the 'postscript' command with compression set to zero in ARC/INFO version 8.0. The geologic description and correlation chart were created in Adobe Illustrator 8.0.
PDF Plotfile Package
This package contains the PDF images described below:
hhmap.pdf A PDF file containing the complete map composition with geology, correlation chart, and geologic description at a scale of 1:31,680
hhgeo.pdf A PDF file containing an image of the accompanying pamphlet containing detailed geologic information and unit descriptions, in addition to sources of data and references cited hhreadme.pdf This document
The Acrobat files were created from corresponding .eps files and are compatible with Adobe Acrobat version 4.0 and higher.
To use PDF files, the user must get and install a copy of Adobe Acrobat Reader. This software is available free from the Adobe website (http://www.adobe.com/ ). Please follow the instructions given at the website to download and install this software. Once installed, the Acrobat Reader software contains an on-line manual and tutorial.
Digital Database Package
The database package includes geologic map database files for the Hidden Hills area. The digital maps, or coverages, and their associated INFO directories have been converted into ARC/INFO export files. These export files are uncompressed and are easily handled and compatible with some Geographic Information Systems other than ARC/INFO. Please refer to your GIS documentation.
ARC export files are converted to ARC/INFO format using the ARC command 'import'. To ease conversion and preserve naming convention, an AML is enclosed that will convert all the export files in the database to coverages and will also create an associated INFO directory. The user should log in with the user name 'anonymous" and then input their e-mail address as the password. This will give the user access to all the publications available via FTP from this server. The files in this report are stored in the subdirectory: pub/mf-map/mf2387.
DATABASE SPECIFICS

Digital Compilation
Stable-base maps were scanned at the U.S. Geological Survey Flagstaff field office using the Optronics 5040 raster scanner at a resolution of 50 microns (508 dpi). The resulting raster file was in RLE format and converted to the RLC format using the "rle2rlc" program written by Marilyn Flynn. The RLC file was subsequently converted to an ARC/INFO Grid in ARC/INFO. The linework was vectorized using gridline. A tic file was created in lat/long and projected into the base map projection (Transverse Mercator). Tics are defined in the four extreme corners of the map area in the geologic coverages corresponding with quadrangle corners both in base maps and digital maps. The tic file was used to transform the grid into UTM. ARC/INFO generated a RMS report after transforming the original grid into transverse UTM. Lines, points, polygons and annotation were edited using the ARCEDIT modules.
Following editing and annotation, the individual coverages were projected into UTM projection. 
LINES
The arcs are recorded as strings of vectors and described in the arc attribute table (AAT). They define the boundaries of the map units, faults, and map boundaries in hh_poly. These distinctions and the geologic identities of the boundaries are stored in the LTYPE field according to their line type. 
Definition of hh_poly and hh_fold Arc Attribute
ANNOTATION
The coverage hh_anno contains all annotation for the polygon coverage. It is defined somewhat differently from the polygon and dip coverages. The arc attribute table is of negligible importance. Arcs in this coverage are merely leaders from a unit annotation to the related polygon. hh_anno contains annotation with unit labels, fault separation, and monocline names. Annotation directly related to unit labeling is contained in subclass "anno.unit" and annotation including fault separation values and fault names is contained in subclass "anno.ident".
The textset used for all annotation was geofont.txt, specifically symbolset 38. Use of this textset allows for proper symbol notation for unit symbols. The default ARC/INFO textset does not allow for a proper geologic symbol indicating Triassic or Pennsylvanian. By using this alternate text set, the character pattern '^m' prints instead as ^m and '* ' prints as *.
BASE MAP PROCEDURE
The base map was prepared by mosaicing four 1:24,000 DRGs, and scanning the resultant image to generate a georeferenced TIFF (GeoTIFF) graphic. This graphic was subsequently projected into UTM, rotated and clipped into a secondary TIFF image to be used as the topographic base map for the cartographic layout.
SPATIAL RESOLUTION
Use of this digital geologic map database should not violate the spatial resolution of the data. Although the digital form of the data removes the constraint imposed by the scale of a paper map, the detail and accuracy inherent in map scale are also present in the digital data. This database was created and edited at a scale of 1:31,680, which means
